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The record and analysis of statistical information on disaster occurrence, impacts
and losses have been made worldwide, because it allows improving systems of
indicators on disaster risk and vulnerability at national and sub-nation scales.
During the last century, Portugal was affected by several destructive natural
disasters, namely of hydrologic (ﬂoods) and geomorphologic (landslides) origin.
However, only recently risk prevention and management was assumed to be a
national priority by the Portuguese Government. The basic information on past
ﬂoods and landslides that occurred in Portugal is disperse and incomplete, and this
is a short coming for the implementation of effective disaster mitigation measures,
particularly when it is expectable an increase of frequency, magnitude, dimension
and complexity of the hydro-geomorphologic phenomena resulting from climate
change.
In this work we present a preliminary assessment of hydro-geomorphologic
disasters occurred in Portugal during the 20th century, based on the systematic
survey of daily national newspapers. We included into a database those ﬂoods and
landslides that produced, alternatively, dead people, injured people, missing
people, evacuated and homeless. A total of 937 hydro-geomorphologic events
were registered. In addition to physical and material damages, these events
produced economic losses amounting to millions Euros.
Our attention is focused on the geographic distribution and on the temporal
dimension of disastrous ﬂoods and landslides occurred in Portugal, as well as on
the temporal trends of hydro-geomorphologic disasters. The preliminary results
shown that disastrous ﬂoods and landslides have been more frequent on the most
populated regions of Portugal: the metropolitan areas of Lisbon and Oporto. In
addition, data shows that disastrous hydrologic and geomorphologic phenomena
were more frequent from 1940 to 1970, and there is no evidence of a clear
increment in time both in the number of disastrous events and the number of
associated death people.
Finally, we assess the societal risk regarding landslides and ﬂoods in Portugal
through the construction of F-N curves.

2.Spatial distribution of hydro-geomorphologic events
2/3 of the total disastrous hydro-geomorphologic events (including the large majority of landslides) occurred north of the Tagus valley. The spatial distribution of events highlights 5 areas where disastrous floods and landslides concentrate (Fig. 3):
metropolitan area of Oporto, lower Douro river valley, Coimbra area, north metropolitan area of Lisbon and the lower Tagus river valley.
Decadal distribution (Fig. 4) shows a remarkable territorial dispersion of the hydro-geomorphologic events until the ’70s. The last 3 decades of the 20th century were characterized by the spatial concentration of disastrous events in the most populated areas.
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Fig. 3. Spatial distribution of disastrous hydrogeomorphologic events in Portugal in the period 1901-2000.
Blue dots represent floods, and red dots represent landslides.
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Fig. 4. Spatial distribution of hydro-geomorphologic disasters in Portugal by decade. Blue dots represent hydrologic events; red dots represent geomorphologic events.

3. Spatial distribution of the hydrogeomorphologic events by municipality
Lisbon is the municipality with the highest number of occurrences for
both disastrous floods and landslides.
Highest concentrations occur in the municipalities in the Lisbon and the
Oporto Metropolitan areas (Fig. 5,6,7).
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The decision on whether the risk is excessive or tolerated depends
largely on the acceptable societal risk criteria.

4. Consequences of hydro-geomorphologic events
Human death is the worst case scenario resulting from hydro-geomorphologic disasters. In the period 1901-2000 we registered an average of 9
dead people per year. Floods were responsible for the majority of deaths when compared with landslides (85% and 15% of total deaths,
respectively).
The mortality index by event is very similar (0.98 for floods and 0.82 for landslides). However, considering only the events that killed, the mortality
index is higher for floods (4.5) than for landslides (2.1). The mortality index for floods is strongly influenced by the flood episode that affected the
Lisbon region in 1967, which is the biggest Portuguese natural disaster occurred in the 20th century. Not accounting for such extreme event, the
mortality indices reduce like 50%: from 0.98 to 0.51 (total flood events), and from 4.5 to 2.4 (flood events with deaths).

F-N curves were built to evaluate the risk of human life losses (Fig.
13).
Figure 13 shows that risks for human life from hydro-geomorphologic
phenomena in Portugal are unacceptable, which demands the
implementation of prevention and mitigation measures by the
authorities.
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The relationship between number of fatalities and number of fatal hydro-geomorphologic events is not linear (Fig. 9).

1.Temporal distribution of hydro-geomorphologic events

Occurrence of deaths and of fatal events concentrate mostly in Autumn and Winter months. The peak values observed in November result from the
flood episode verified in 1967.

The annual distribution of hydro-geomorphologic events shows that there are
periods with high frequency of disastrous floods and landslides: period 1 – from
1908 to 1916; period 2 – from 1936 to 1969; period 3 – form 1996 to 2000 (Fig. 1).

1991-2000

6. Evaluation of societal risk

The majority of the 937 hydro-geomorphologic events that produce deaths,
injured people, missing people, evacuated and homeless occurred during the 2nd
period.
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Fig. 8. Deaths resulting from hydro-geomorphologic events in the period 1901-2000. Black bars represent
the annual number of deaths (left scale) and the red curve the accumulated values (right scale).

Fig. 9. Monthly distribution of deaths and of fatal events in the period 19012000. Blue bars and grey bars represent the number of deaths caused by floods
and landslides, respectively; blue line and orange line represent the number of
fatal hydrologic and geomorphologic events, respectively.

Fig. 5. Total of disastrous hydro-geomorphologic
events in the Portuguese municipalities in
the
period 1901-2000.
Fig. 1. Hydro-geomorphologic events registered by year in the period 1901-2000. Brown bars represents the annual
number of occurrences (left scale); red line represents the annual average of cases (left scale); blue curve represents the
accumulated frequency of occurrences (right scale).
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Fig. 13. F-N Curves (frequency vs consequences) of the hydro-geomorphologic events in the
period 1901-2000, and the acceptable societal risk criteria of Hong Kong Government (Hong
Kong Government Planning Department, 1994).

5. Spatial distribution of disaster mortality by municipality

7. Conclusions

The flood events were more frequent than landslide events (83% and 17% of
total hydro-geomorphologic events, respectively). The majority of these events
occurred in the fall and winter months (Fig. 2).

The occurrence of natural disasters in Portugal was relevant during
the 20th century, and the dangerous floods have been the most
frequent events.

The mortality is disperse by all
continental
Portuguese
territory.

The highest occurrence of disastrous floods and landslides were in January.
However there is a shift of 2 months regarding the period when hydrologic and
geomorphologic events concentrate: Floods occurred mostly in NovemberDecember-January, followed by landslides occurring mostly in JanuaryFebruary-March.

Most damaging floods and landslide occurred during the Autumn and
Winter. The peak of the geomorphologic events occurs two months
later than the peak of the hydrologic events. This behaviour proves
the existence of a different time response regarding the same
triggering factor: the rainfall.

The north metropolitan area
of Lisbon is the region where
floods produce more death
people.

Whilst floods caused higher number of deaths, landslides killed
people more often, i.e. landslide occurrence is more fatal.

The most of deaths motivated
by landslides occurred in the
NW zone of the country.

Fig. 2. Monthly distribution of events in the period 1901-2000 considering event typology.
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Fig. 7. Total of disastrous flood events in the
Portuguese municipalities in in the period
1901-2000.

Fig. 6. Total of disastrous landslide
events in the Portuguese municipalities
in in the period 1901-2000.

Fig. 10. Number of dead people resulting
from hydro-geomorphologic events in the
Portuguese municipa-lities in the period
1901-2000.

The expectable increase of this kind of phenomena (events and
consequences), resulting of climate changes, will put a greater
pressure on the management and control of hydro-geomorphologic
events by the Portuguese authority.
Fig. 11. Number of dead people resulting
from
floods
in
the
Portuguese
municipalities in the period 1901-2000.

Fig. 12. Number of dead people resulting
from landslides in the Portuguese
municipalities in the period 1901-2000.

So this work is the first step to build a database on natural disasters
that will contribute to prevent and mitigate hydro-geomorphologic
risks in Portugal.

